ABSTRACT
Weissenberg number We

Greek Symbols
Mobility factor geometry and non-Newtonian rheology using power-law model.
82
In the present paper, the mantle convection is simulated numerically using a 83 temperature dependent non-linear viscoelastic model for the first time. The geometry of 84 problem is shown in Fig. 1 
GOVERNING EQUATIONS
120
The governing equations of an incompressible viscoelastic fluid flow consist of the 121 continuity, momentum and energy equations: 
Since the present study examines mantle convection, this parameter must be near unity.
136
In other words, the viscoelastic portion dominates to pure Newtonian portion in 
where v  is the viscosity contribution of viscoelastic material at zero shear rate and
is the upper convected derivative of viscoelastic stress tensor defined by:
. hydrodynamic drag on the constitutive of heavy particles.
153
In this paper, the viscosity is assumed to be depended on depth and temperature as an exponential function of temperature:
Because of large scale of geometry and the nature of mantle convection, the dependency 159 of density on temperature and pressure are considered as follows: respectively. Thus, the dimensionless form of continuity and momentum equations are 177 as follows:
where  is the thermal expansion coefficient. In order to get closer to reality, in the 
This variation in viscosity introduces a relativity factor in the problem. Here, the non- 
Grid Study and Validation
230
We perform some CFD simulations with different number of grids to study the 231 dependency of solution to mesh size. The meshes included quadratic elements. 
CFD Simulation of Mantle Convection Using Giesekus Model
251
In this section, the effects of various parameters on flow regime of mantle convection 252 are studied. As observed in Eq. (4), the variation of parameters  and  could affect 253 the stress tensor field and this change in stresses will affect the velocity field. Actually, that is due to the consideration of elastic portion of fluid flow in our numerical 
Investigation of the Effect of Exponential Rate of Viscosity ( Γ )
292
We studied firstly the effect of increasing  from zero to 3 10  on mantle convection.
293
This parameter represents the dependency of viscosity on temperature variation. 
323
In Fig. 7 , the temperature distribution in mantle is shown. According to this Figure, increasing the fluid viscosity. 
Investigation of the Effect of Elasticity
365
The elastic number is generally used to study the elastic effect on the flow of 366 viscoelastic fluids. According to the Eq. 9, the elastic number is defined as the ratio of
367
Weissenberg to Reynolds numbers. This dimensionless group is independent from 368 kinematic of flow field and it is only depended on material modules for a given Rayleigh number, thus the temperature field should have a conductive form (see Fig 7) .
406
According to Eq. (10), the Rayleigh number is a function of temperature, so it is varying 407 all over the geometry because the viscosity is temperature dependent and is varying. 
444
It is important to remember that the non-linear constitutive equations such as the
445
Giesekus equation could able to model the material elasticity and relaxation spectra 446 much better than linear models for large deformations of flow field. We also showed 447 that the result of this model has an obvious deviation from pure Newtonian and power-448 law solutions that reported in literatures.
449
The effect of temperature on viscosity of the mantle is studied, firstly. The results
450
show that increasing of exponential viscosity rate led to the enhancing the maximum 
